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7KH WDLOGULYHVKDIW 7'6 RIDKHOLFRSWHU LVYLWDOFRPSRQHQW ZKLFK LV UHVSRQVLEOHIRU LWVVWDELOLW\ LV RIWHQSURQH WR LPSDFW
GDPDJHGXULQJ FRPEDW DQG LV GDPDJHG8VXDOO\ZKHQ WKH WDLO GULYH VKDIW LV GDPDJHG LW LV UHSODFHGGXULQJPDLQWHQDQFH%XW
GXULQJWKHWLPHRIFRQIOLFWWKHUHSODFHPHQWVKDIWPD\QRWDOZD\VEHDYDLODEOH+HQFHWKHGDPDJHGVKDIWLVSDWFKHGE\D UHSDLU
WHFKQLTXHNQRZQDV DGKHVLYHO\ ERQGHGUHSDLUWHFKQLTXHRU$LUFUDIW%DWWOH'DPDJH 5HSDLU$%'5 WHFKQLTXH,QWKLVVWXG\ILQLWH
HOHPHQWDQDO\VLVLVFDUULHGRXWRQWKHXQGDPDJHGGDPDJHGDQGWKHSDWFKHGPRGHORIWKHWDLOGULYHVKDIWZKLFKGHWHUPLQHVWKDW
WKH GHIRUPDWLRQ VWUHVV DQG VWUDLQ LQ WKH SDWFKHG PRGHO RI WKH VKDIW LV UHGXFHG 7KXV WKH DGKHVLYHO\ ERQGHG UHSDLU LV DQ
HPHUJHQF\ WHFKQLTXH WKDW LV XVHG WR UHJDLQ WKH VWDWLF VWUHQJWK VKDIW0HFKDQLFDO FKDUDFWHUL]DWLRQ RI .HYODU(SR[\ FRPSRVLWH
PDWHULDOLV FDUULHGRXWWRFKRRVHWKHDSWOD\XSVHTXHQFH IRUWKHSDWFKE\HYDOXDWLQJLWV PHFKDQLFDOSURSHUWLHV




7KH WDLO URWRU RI D KHOLFRSWHU FRQVLVWV RI D VKDIW WKDW LV SRZHUHG WKURXJK D VKDIW NQRZQ DV WKH WDLO GULYH VKDIW
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DOVR LW LV XVHG WRDGMXVW WKHRSWLPXPURWDWLRQDO VSHHG IRU WKH WDLO URWRUZKLFK LVPHDVXUHG LQ URWDWLRQVSHUPLQXWH
5307KHWDLOGULYHVKDIW7'6RIWKHKHOLFRSWHUVXIIHUVGDPDJHGXULQJFRPEDWGXHWRILULQJDQGWKHVWUHQJWKRI
WKHVKDIWLVGHJUDGHG,IWKHWDLOGULYHVKDIWIDLOVWKHWDLOURWRURIWKHKHOLFRSWHUZLOOQRWEHDEOHWRSURGXFHVXIILFLHQW
DQWLWRUTXHVRWKHKHOLFRSWHU ORVHVWKHVWDELOLW\DQGWKXV LW OHDGVWRFUDVK7KHERQGHGUHSDLU LVDQHIIHFWLYHEDWWOH
GDPDJHWHFKQLTXHWRUHJDLQWKHVWUHQJWKRIWKHGDPDJHGFRPSRQHQW&KLXHWDOFDUULHGRXWWKHLUUHVHDUFKRQ
ERQGHGUHSDLURIKHOLFRSWHUPDLQURWRUEODGH%\XVLQJ(JODVVDQG6JODVV ILEHUV IRU H[WHUQDOSDWFKUHSDLU LWZDV
SUHGLFWHGWKDWDURXQGWRRIWKHORDGEHDULQJFDSDELOLW\FRXOGEHUHJDLQHG:DQJHWDOFRQGXFWHGD
UHVHDUFK WR VWXG\ WKH HIIHFWLYHQHVV RI WKH UDSLG UHSDLU WR WKH KHOLFRSWHU¶V FRPSRVLWH IUDPHWRVNLQ MXQFWLRQ
&RPSXWDWLRQDO DQDO\VLV VKRZHG WKDW WKH GDPDJH ZRXOG FDXVH VLJQLILFDQW VWLIIQHVV DQG VWUHQJWK UHGXFWLRQ 7KH
H[WHUQDO UHSDLU LQFUHDVHG WKH VWUHQJWK E\ 7KH HTXLYDOHQW IDU ILHOG IDLOXUH VWUDLQ H[FHHGHG  ܭ ZKLFK LV
FRQVLGHUHGDGHTXDWHIRUDUDSLGILHOGEDWWOHGDPDJHUHSDLU6KLPHWDOIRXQGRXWWKDWWKHUHVLGXDOPHFKDQLFDO
SURSHUWLHVRIWKHFDUERQHSR[\ODPLQDWHVVXEMHFWHGWRORZYHORFLW\LPSDFWORDGGHFUHDVHVWKHUHVLGXDOVWUHQJWKDQG
VWLIIQHVV DQG DOVR LQFUHDVHV WKH LPSDFW GDPDJH DUHD7KH\ IRXQGRXW WKDW WKH IOH[XUDO VWUHVV LV UHVSRQVLEOH IRU WKH
IDLOXUH5HLVHWDOVWXGLHGWKHLPSDFWUHVSRQVHRI.HYODUFRPSRVLWH,WLVVHHQWKDW.HYODUHSR[\FRPSRVLWHV
VWLPXODWHVKLJKHUPD[LPXPLPSDFWORDGVORZHUGLVSODFHPHQWVDQGEHVWSHUIRUPDQFH LQWHUPVRIHODVWLFUHFXSHUDWLRQ
DQGPD[LPXP UHVLGXDO WHQVLOH VWUHQJWK7KH WRXJKQHVV DFFRPSDQLHGZLWK WKH IDLOXUHPHFKDQLVPV RI.HYODU ILEHU











7KH VWUXFWXUDO FRPSRQHQWV RI D KHOLFRSWHU PD\ VXIIHU LPSDFW GDPDJH GXULQJ WKH EDWWOH GXH WR ILULQJ DQG DUH
GDPDJHG8VXDOO\ZKHQWKHGULYHVKDIWLVGDPDJHGLWLVUHSODFHGGXULQJWKHPDLQWHQDQFH%XWGXULQJWKHEDWWOHWKH





VWUHQJWK LVQRWVXIILFLHQWO\UHJDLQHG$GKHVLYHO\%RQGHG5HSDLU LVDQHZWHFKQLTXHZKLFK FRPSOHWHO\UHVWRUHV WKH
VWDWLFVWUHQJWKRIWKHVKDIW7KLVPHWKRGRIUHSDLU LVYHU\KDQG\GXULQJWKHWLPHRIEDWWOHEHFDXVHWKHUHLV ODFNRI
VSDUHFRPSRQHQWVDWWKHWLPHRIEDWWOH5HSDLULQJWKHGDPDJHE\WKLVWHFKQLTXHPDNHVWKHKHOLFRSWHUDLUZRUWK\7KLV
WHFKQLTXH LV RWKHUZLVH NQRZQ DV $LUFUDIW %DWWOH 'DPDJH 5HSDLU $%'5 7KH DSSOLFDWLRQ RI ERQGHG FRPSRVLWH
$%'5 WKH $LUFUDIW %DWWOH 'DPDJH 5HSDLU V\VWHP LV VXFFHVVIXO RQO\ ZLWK WKH DSSOLFDWLRQ RI VSHHG HDVH DQG
IOH[LELOLW\ DQG LW LV PDLQO\ GHWHUPLQHG E\ WKH SURSHUWLHV RI WKH DGKHVLYHV DQG WKH UHVLQ XVHG 7KH .HYODUHSR[\
FRPSRVLWHLVFKRVHQDVDSDWFKPDWHULDOIRUWKHUHSDLURIWKH VKDIW .HYODU ILEHUVDUHFU\VWDOOLQHDURPDWLFSRO\DPLGH
ILEHUV WKDW KDYH WKH ORZHVW GHQVLW\ DQG WKH KLJKHVW WHQVLOH VWUHQJWK WRZHLJKW UDWLR DPRQJ WKH FXUUHQW UHLQIRUFLQJ
ILEHUV ,W LVDQDURPDWLFRUJDQLFFRPSRXQGPDGHRIFDUERQK\GURJHQR[\JHQDQGQLWURJHQ 7KH.HYODUILEHUVDUH
SUHIHUUHGRYHUWKHFDUERQILEHUVDVWKH\GRQRWIDLOE\EULWWOHFUDFNLQJEXWH[KLELWVH[FHOOHQWWRXJKQHVVDQGWKXVWKH
VWUHQJWKRIWKHVKDIWLVQRW GHJUDGHGHDVLO\XSRQVXIIHULQJLPSDFWGXULQJFRPEDW





HQGRI WKH VKDIW LV IL[HGDQGDW WKHRWKHUHQG WKH WRUTXH LVDSSOLHGDV VKRZQ LQ ILJ  ,W LV WKHQVROYHG WRJHW WKH
UHVSHFWLYHUHVXOWV7KHGHVLJQXOWLPDWHORDGIRUWKHVKDIWRIRXWHUGLDPHWHUPPDQGWKLFNQHVVPPLV 1P,W
LVIRXQG WKDWIRUWKLVDSSOLHGWRUTXHWKHGHIRUPDWLRQLQWKHGDPDJHGPRGHORIWKHVKDIWDVVKRZQDVLQWKHILJ LV
PRUH WKDQ WKHGHIRUPDWLRQ LQ WKHSDWFKHGPRGHORI WKHVKDIW7KHGHIRUPDWLRQ LQ WKHXQGDPDJHGPRGHO LVDOPRVW
VDPHDVWKDWRIWKHSDWFKHGPRGHODVVKRZQLQILJ 7KHUHVSHFWLYHVWUHVVDQGVWUDLQYDOXHVDUHDOVRUHGXFHGLQWKH





6SHFLPHQ0RGHOV 8QGDPDJHGPRGHO 'DPDJHGPRGHO 3DWFKHGPRGHO
$SSOLHG 7RUTXH1P   
7RWDO'HIRUPDWLRQPP   
0D[LPXP6KHDU6WUDLQ   
0D[LPXP6KHDUVWUHVV0SD   





7KH UHLQIRUFHPHQWPDWHULDO WKDW LV FKRVHQ LV DUDPLG ILEHUVZKLFK DUH FRPPHUFLDOO\ NQRZQ DV.HYODU$UDPLG
ILEHUVDUHOLJKWHUDQGKDYHKLJKVWUHQJWKDQGVWLIIQHVVLQWHQVLRQ.HYODULVWKHJUDGHFKRVHQIRUWKLVDSSOLFDWLRQ
,WKDVKLJKVWUDLQWRIDLOXUH7KLVSDUWLFXODUJUDGHLVFKRVHQEHFDXVHLWLVXVHGIRUEDOOLVWLFDSSOLFDWLRQVOLNHLQEXOOHW
SURRI YHVWV DQG KHOPHWV 7KH VHOHFWHG UHLQIRUFHPHQW IRUP LV D ELGLUHFWLRQDO ZRYHQ IDEULF .HYODU . KDV D






























)ODVK3RLQW Û& ! !
7KH DGKHVLYHV WKDW DUH XVHG IRU ERQGHG UHSDLU DUH HSR[LHV DQG PRGLILHG DFU\OLFV (SR[\ DGKHVLYH KDV EHHQ
FKRVHQ IRUERQGLQJ WKHFRPSRVLWHSDWFKRYHU WKHGDPDJHGDUHDRI WKH VKDIW 7KHSURSHUWLHVRIHSR[\DGKHVLYH LV
VKRZQLQWDEOHZKLFKLVSUHIHUUHGVLQFH LWLVFKDUDFWHUL]HGE\KLJKOHYHOVRIVWUHQJWKJRRGWHPSHUDWXUHFDSDELOLW\
ORZVKULQNDJHVWUHVVHVRQFXUHDQGDELOLW\WRIRUPGXUDEOHERQGV$UDOGLWH$90DQG+DUGHQHU +9LVDWZR
FRPSRQHQW URRP WHPSHUDWXUH FXULQJ SDVWH DGKHVLYHRI KLJK VWUHQJWK:KHQ IXOO\ FXUHG WKH DGKHVLYHKDV H[FHOOHQW
SHUIRUPDQFH DWHOHYDWHGWHPSHUDWXUHDQGDOVR KLJKFKHPLFDOUHVLVWDQFH
7DEOH3URSHUWLHVRI$GKHVLYH
3URSHUW\ $90 +9 0L[HG$GKHVLYH
&RORXUYLVXDO EHLJH JUH\ JUH\
6SHFLILFJUDYLW\JFP   
9LVFRVLW\3DV WKL[RWURSLF WKL[RWURSLF WKL[RWURSLF
6KHDU0RGXOXV*SDDW&   
7HQVLOH6WUHQJWK0SD   
7HQVLOH0RGXOXV*SD   
 0DWHULDOFKDUDFWHUL]DWLRQ
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7ZRFRPSRVLWHWHVWVSHFLPHQVZHUHPDQXIDFWXUHGFRQVLVWLQJRIWZRSOLHVXVLQJWKLVWHFKQLTXH6DPSOH,RIOD\





,QWKLVWHVWWKHVSHFLPHQLVVXEMHFWHGWRFRQWUROOHGWHQVLRQXQWLOIDLOXUH RFFXUV 7KH IDLOXUHRFFXUVDWN1 IRU
VDPSOH,DQGDWN1IRU VDPSOH,,ODPLQDWHVZKLFKLVWKHPD[LPXPORDG VKRZQLQILJ 7HQVLOH WHVWLQJLVGRQHWR
HYDOXDWHWKHXOWLPDWHWHQVLOHVWUHQJWKRIWKHPDWHULDOVLQERWKWKHVDPSOHV7HQVLOHWHVWZDVSHUIRUPHGDVSHU$670
'VWDQGDUG
)LJ D)RUVDPSOH,>ÛÛDQG  Û@E)RUVDPSOH,,>SOLHVERWKLQÛ@
 )OH[XUDO7HVW
7KHWKUHHSRLQWEHQGLQJIOH[XUDOWHVWSURYLGHVYDOXHVIRUWKHPRGXOXVRIHODVWLFLW\LQEHQGLQJ ,QIOH[XUDOWHVWLQJ
WKHPD[LPXPEHQGLQJ ORDG IRU VDPSOH, LVN1DQG IRU VDPSOH,, LVN1 DV VKRZQ LQ ILJ 7HVWLQJZDV
FDUULHGRXWDVSHUWKH$670'VWDQGDUG
)LJD)RU6DPSOH,>ÛÛDQG Û@ E)RU VDPSOH,,>SOLHVERWKLQÛ@
 ,PSDFW7HVW
,]RG LPSDFW WHVWLQJ LV GRQH WR GHWHUPLQH LPSDFW UHVLVWDQFH RI WKH PDWHULDO $Q DUP KHOG DW VSHFLILF KHLJKW LV
UHOHDVHG 7KH DUP KLWV WKH VDPSOH DQG EUHDNV LW )URP WKH HQHUJ\ DEVRUEHG E\ WKH VDPSOH LWV LPSDFW HQHUJ\ LV
DEVRUEHG$QRWFK VDPSOHZDVXVHG WRGHWHUPLQH WKH LPSDFW HQHUJ\7KH WHVWZDV FRQGXFWHG DVSHU WKH VWDQGDUG
GLPHQVLRQVRI$670'
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 ([SHULPHQWDO 5HVXOWV
7KH EHORZ GLVFXVVHG UHVXOWV DUH RI WKH WHVW WKDW DUH SHUIRUPHG WR HYDOXDWH WKH PHFKDQLFDO SURSHUWLHV RI WKH
.HYODUHSR[\FRPSRVLWHWHVWVSHFLPHQV VRDV WRFKRRVHDQ DSWOD\XSVHTXHQFHIRUWKH SDWFKPDWHULDO7KH WHQVLOH
WHVWUHVXOWVWKDWDUHVKRZQLQWDEOH UHYHOVWKDW WKHVDPSOH,,H[KLELWVEHWWHU WHQVLOH VWUHQJWKWKDQWKHVDPSOH,DQG
VLPLODUO\WKH FRPSRVLWHODPLQDWH RI VDPSOH,,KDV EHWWHU IOH[XUDOVWUHQJWK WKDQVDPSOH,DVVKRZQLQWDEOH $QG
WKHLPSDFW VWUHQJWK RIWKHODPLQDWHV LVDOPRVWWKHVDPHIRU ERWKRIWKHIDEULFDWHGVDPSOHVDVJLYHQLQWDEOH 6LQFH
VDPSOH±,,KDVEHWWHUPHFKDQLFDOSURSHUWLHV LQDOO WKH WHVWV WKDWDUHSHUIRUPHG7KH OD\XSVHTXHQFHRI VDPSOH ±,,








, '   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, '  
,, '  
 &RQFOXVLRQ
,QWKLV SDSHUUHVHDUFK LVFDUULHGRXW IRUUHSDLULQJWKHGDPDJH LQ WDLOGULYHVKDIWVRID KHOLFRSWHU XVLQJFRPSRVLWH
ODPLQDWHV DV SDWFK PDWHULDO 7KH FRPSRVLWHV SDWFKHV ZHUH IDEULFDWHG XVLQJ .HYODU ILEHUV DV UHLQIRUFHPHQW DQG
HSR[\UHVLQDVPDWUL[7KH> Û@ OD\XSVHTXHQFHH[KLELWVEHWWHUPHFKDQLFDOSURSHUWLHVLQWHUPVRIERWKWHQVLOH
DQGIOH[XUDOVWUHQJWK$QGKHQFHWKLVOD\XSVHTXHQFHLVFKRVHQIRUWKHIDEULFDWLQJWKHFRPSRVLWHSDWFKZKLFKLVWR
EH DGKHVLYHO\ ERQGHG RYHU WKH GDPDJHG DUHD RI WKH VKDIW )LQLWH HOHPHQW VWUXFWXUDO DQDO\VHV LQGLFDWHG WKDW WKH
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